ing. There is no effective medical treatment for cryptosporidiosis. In immunocompromised individuals, cryptosporidiosis is characterized by several stools per day and tremendous fluid loss that lasts for months to years and can ultimately cause death (1, 2) .
The transmission of cryptosporidiosis and giardiasis via contaminated water is well documented (3) . Potential sources of oocysts and cysts in water supplies include wastewater of human origin and feces from many mammalian species, including cattle and beaver (4, 5) . Both oocysts and cysts are capable of surviving environmental stresses and are resistant to conventional chlorine disinfection (6) .
The country of Honduras, in Central America, is at high risk for increased morbidity and mortality from these gastrointestinal diseases because of the high prevalence of HIV among its population (7) and because treatment of its potable water supplies is generally limited to chlorination, if chemical disinfection processes are used at all. The city of San Pedro Sula, a major urban area of Honduras, was chosen for this investigation due to these elevated risks. Although the community monitors its water supplies for basic physical and chemical parameters, microbial monitoring is limited to total and fecal coliform. In general, groundwater is usually characterized by an absence of coliform bacteria whereas surface waters typically exhibit a few hundred fecal coliform per 100 mL solution. No water quality data were available for waterborne parasites, such as Cryptosporidium and Giardia spp., since water in this area has never been analyzed for these microorganisms. The purpose of this investigation was to make an initial assessment of the city's water supply with respect to Cryptosporidium oocysts and Giardia cysts in order to determine whether further study targeting these parasites is warranted.
As of June 1996, the municipal potable water system of San Pedro Sula consisted of five raw water sources, which supply a total of 140 000 cubic meters per second to a population of approximately 400 000. Three of these sources are surface waters (Santa Ana, Piedras, and Zapotal Rivers) and the remaining two are groundwater supplies (Sunceri and Chamelecon wellfields). Treatment of each source varies considerably. The Santa Ana and Piedras Rivers are fitted with sedimentation basins at the raw water intake for purposes of settling coarse particles. After initial sedimentation at the river, the raw waters are piped to treatment plants. The Santa Ana plant is fitted with a conventional surface water treatment system which includes full alum coagulation processes (rapid mix, flocculation, and sedimentation) followed by rapid sand filtration. Disinfection is effected utilizing chlorine gas immediately prior to and after the filtration units. The Piedras River plant consists of a chlorine contact basin. The remaining three water sources receive considerably less treatment. The water from the Zapotal River receives chlorine treatment only, and the groundwater sources are untreated. Chlorine residuals (1 mg/L) are generally measurable throughout the distribution system except for areas on the northeast and southeast side of the city which receive most of their water from the untreated groundwater sources. Raw sewage is collected and discharged to canals which lie downstream from the river water intakes. The Sunceri wellfield lies within several hundred meters of these discharge canals.
In June 1996, raw water samples were collected at each of the five municipal water supplies except for the Chamelecon wells, since the water supply pumps were inoperative. A sample was also collected from a tap that receives chlorinated water from the Piedras River. Samples were collected and processed for parasite analysis following the protocols recommended by the U.S. Environmental Protection Agency (8) . In brief, between 150 and 370 L of water were filtered through a 1 µm nominal pore size yarn wound filter (Florida Filters, Miami, FL). From the three river sources, water was pumped using a submersible pump and generator system. Rate of flow for all samples was maintained at 3.7 L/min. Upon sample concentration, the filters were inserted inside two watertight bags and placed into a cooler with ice. The samples were processed within 24 hours at the University of Miami. A single pellet was obtained from each collected sediment sample using repetitive hand-washing, centrifugation, and percoll-sucrose purification. An aliquot (0.5 to 1.5 mL) was then filtered through a membrane filter (Sartorius, Hayward, CA), stained with an indirect immunofluorescent antibody (Ensys Inc., Research Triangle Park, NC), mounted on slides, and examined under epifluorescence microscopy. Giardia cysts and Cryptosporidium oocysts were identified by their fluorescence, size, and morphology. Positive and negative controls were included for quality control.
Results (Table 1) show that among the rivers tested, the Santa Ana River had the highest concentrations of target organisms (2 100/100 L Giardia cysts, 260/100 L Cryptosporidium oocysts) while the Zapotal River had the lowest (240/100 L Giardia cysts, 44/100 L Cryptosporidium oocysts). There was a 0.5 and 1.2 log 10 removal of cysts and oocysts, respectively, between the Piedras River water supply and the domestic tap. In contrast to the river water sources, the groundwater supply (Sunceri Well #4) had lower concentrations of Cryptosporidium and Giardia spp. and a shift in the relative distribution of these target organisms, with larger numbers of Cryptosporidium oocysts (26/100 L) than Giardia cysts (6/100 L).
The surface waters of San Pedro Sula were found to contain Giardia cysts at elevated concentrations (geometric mean, 580 oocysts/100 L) relative to reported values in North America (9, 10). Results also indicate surface water supplies had higher oocyst and cyst concentrations than the groundwater and tap water supplies tested, and the relative distribution of target organisms between surface and groundwater supplies was distinctly different. It is postulated that this reversal in the distribution of target organisms is due to the filtration capacity of the groundwater aquifer, which effectively removes larger Giardia cysts Although engineered treatment systems can reduce the number of Cryptosporidium oocysts and Giardia cysts after raw water is collected, efforts in San Pedro Sula should also focus on a watershed management plan aimed at reducing contamination of raw water sources. The watersheds that drain into the river supplies are characterized by mountainous dense tropical forests which are sparsely inhabited by squatters with makeshift homes that lack proper sanitation systems. As a result, potential sources of parasites to the river supplies include wild animals and human wastewater. The groundwater wells are located near rivers which receive untreated sewage. Contaminated water from these rivers can potentially impact wells in their vicinity.
A sanitary sewer collection system would improve the quality of the groundwater supply. A watershed management plan should focus on identifying and eliminating contaminant sources as well as documenting the water quality improvements associated with expansion of the community's sanitary sewerage system. A sampling plan should be implemented prior to and after such improvements to document such benefits. Ideally, implementation of such a plan should be coordinated with a clinical study to substantiate public health benefits.
REFERENCES
Para estimar las concentraciones de oocistos de Cryptosporidium y quistes de Giardia en los abastecimientos de agua de la ciudad de San Pedro Sula, se examinaron muestras del agua en junio de 1996. Cada muestra se concentró y se marcó con un anticuerpo inmunofluorescente indirecto y los parásitos se contaron mediante análisis microscó-pico. En tres abatecimientos de agua, las concentraciones de oocistos de Cryptosporidium alcanzaron un recorrido de 58 a 260 oocistos por 100 L, mientras que los quistes de Giardia se encontraron en concentraciones de 380 a 2 100 quistes por 100 L. Al contrario de las muestras de agua superficial, el agua subterránea tuvo mayor concentración de oocistos de Cryptosporidium (26/100 L) que de quistes de Giardia (6/100 L), lo que sugiere que el acuífero subterráneo protege mejor al abastecimiento de agua contra los quistes de Giardia, que son más grandes. Las concentraciones de oocistos de Cryptosporidium estuvieron dentro del recorrido típico de los abastecimientos de agua en Norteamérica, pero los de Giardia fueron más elevados. Deben tomarse medidas para proteger el agua sin depurar de las fuentes de contaminación.
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